complications and loss of vision. Second-generation triazole i.e. Voriconazole is a new, broad-spectrum antifungal agent and is effective against Aspergillus spp and Fusarium spp [7, 11, 12] .
Eye has a unique anatomy which restricts absorption of drug into the deep tissue [1] . For illness of eye topical administration is a well accepted route of administration [2] . Out of the total available marketed eye preparations, eye drops covers more than 90% of it [3] . Main problem associated with conventional eye drops is poor bioavailability [16] which is due different barriers such as lacrymal fluid-eye barriers and blood-ocular barriers [4] other reasons includes eye irritation caused by particle size and shape which induces lachrymation, naso lachrymal drainage system, enzymatic metabolism [5] . Different problems associated with conventional ophthalmic drug delivery system can be overcome by using insitu gel prepared from different polymers which are responsible phase transition in the cul-de-sac [6] Current research concerns with ocular delivery of ion activated ophthalmic insitu gel of voriconazole using sodium alginate and HPMC K15M which would result in increase bioavailability and reduction in dose and dosing frequency. As voriconazole is hydrophobic drug so it becomes necessary to increase its water solubility. Vfend (powder for reconstitution) of Pfizer uses sulfobutyl ether-β-cyclodextrin (SBE-β-CD) to increase solubility of voriconazole [17, 18] Cyclodextrins is a group of cyclic oligosaccharides which are many times used to improve solubility of lipophilic drugs. HP-β-CD has a hydrophilic outer surface and a lipophilic central cavity which plays an important role to improve solubility [23] . Thus Hydroxypropyl-β-cyclodextrin was used to prepare inclusion complex of voriconazole [2] . HPMC K15M is used as a viscosity enhancer to improve the residence time of gel on corneal surface. Sodium Alginate is a salt of alginic acid. It is a polysaccharide consisting β-D-mannuronic acid and α-L-glucuronic acid residues joined by 1-4 glycosidic linkages isolated from strains of marine brown seaweed and algae [2, 15] . Alginate forms stable gel by forming ionic cross-linking with divalent cation [13] .
Material and Method

Material
Voriconazole was a gift sample from Matrix Laboratories, Hyderabad (India) .Sodium alginate, HPMC K15M, Fourier transform infrared (FTIR) spectra of VCZ, HP-β-CD and Voriconazole: HP-β-CD complex were taken with a FTIR 4100, Jasco Japan using potassium bromide as blank between wavelengths of 400 and 4000 cm-1.
Differential scanning Calorimetry (DSC) was carried out in the temperature range of 40 to 300°C. By using Mettler Toledo DSC 1 Star System, Zurich Switzerland. At a heating rate of 10°C per min.
Preparation of sodium alginate -HPMC insitu gelling system
For preparation of Voriconazole insitu gel, sodium alginate and HPMC K15M was socked over night in distilled water. Drug solution was prepared by dissolving VCZ: HP-β-CD Complex in distilled water. Drug solution was added to polymer solution by stirring. Benzalkonium chloride (0.01% w/v) was added as a preservative to the previous solution. Sufficient amount of sodium chloride was added to this mixture to maintain isotonicity. Volume was made up to 10ml with distilled water. Prepared formulation was filled in a vial and subjected to autoclaving at 121°C for 20mim.Nine batches were selected with varying proportions of HPMC K15M and Sodium alginate so as to optimize the voriconazole insitu gel as shown in table 1.
Full factorial experimental design
A 3
2 factorial design was adopted to optimize the voriconazole insitu gel. Design was used to find out concentration of HPMC K15M and Sodium alginate requires to form a gel which will give optimum release and proper viscosity to insitu gel. HPMC K15M (X 1 ) and the amount of Sodium alginate (X 2 ) were chosen as independent variables and Y 1 ( viscosity ) and Y 2 ( in-vitro drug release ) as dependent variables. In this design, two factors were evaluated each at three levels lower, middle and higher and the codes used were -1, 0, +1 respectively.
In vitro gelling capacityGelling capacity of the formulations was determined by placing a drop of the sample (about 20µl) into a vial containing 2ml of pH 7.4 simulated tear fluid (STF) equilibrated at 35±1°C. The visual assessment of gel formation and dissolution with time was recorded. The compositions of STF were sodium chloride 0.67 g, sodium bicarbonate 0.2 g, calcium chloride·2H 2 O 0.008 g, and purified water added to 100 ml [1, 19] .
(++) Gelation after few minute and disperse rapidly.
(+++) Gelation immediately and remains for few hours.
(++++) Gelation immediately and remains for extended hours
Determination of viscosity
The developed insitu gel was poured into the small volume adaptor of the Brookfield viscometer (RVDV-II + PRO) and viscosity was recorded by increasing angular velocity gradually from 5 ,10,20,50 and 100 rpm with spindle number 21. Viscosity was determined before at 25±1ºC and after gelation at 35±1ºC.
In vitro Drug Permeation
In vitro drug permeation studies were carried out by putting the in situ gelling formulation on dialysis membrane between the donor and receptor compartments of glass modified Franz diffusion cell. The receptor compartment of a glass modified Franz diffusion cell was filled with freshly prepared simulated tear fluid. 1ml of test solution was placed on the dialysis membrane and opening of donor cell was sealed. The receptor fluid was kept at 37 ± 0.5ºC with constant stirring using a magnetic stirrer. Permeation study was continued for 8 hr, and samples were withdrawn at predetermined time interval of 1hr from receptor and same volume was replaced by fresh STF medium. The samples were further diluted and analyzed by RP-HPLC (Shimadzu SPD M20A,Softwere -LC Solution) The drug content was calculated using the equation generated from standard calibration curve and % cumulative drug release (% CDR) was calculated [22] .
Texture analysis
Texture analyses provide information on mechanical properties of samples, namely hardness, compressibility and adhesiveness. Texture profile analysis was conducted on optimized formulation using Brookfiled CT3 Texture Analyser. Strength of the gel was taken to be the hardness in compression.
The test was performed by placing 20 gm sample. TA3/100 probe was used for analysis with pre-test speed 2 mm/s, test speed 0.5 mm/s return speed of 0.5 mm/s. trigger lode 3 g [23] . Texture properties can be directly correlated with sensory parameters in vivo therefore, are essential in the development of a product with patient acceptability and compliance. Hardness measures force required to produce deformation of gels, while compressibility measures work required to achieve compression of product. Formulation with low hardness will be easy to remove from package and easy for administration [24] .
Sterility test for Voriconazole in situ gel
Test was performed on previously sterilized formulation by direct inoculation method as per Indian Pharmacopoeia 2010. Voriconazole insitu gel was sterilized by autoclaving method at 121°C at 15lb pressure for 20 minutes. 2 ml of formulation from test container was removed with a sterile pipette. Test liquid was aseptically transferred into fluid thioglycolate medium (20 ml) and soyabean-casein digest medium (20 ml) separately and was mixed. The inoculated media was incubated at 30°C to 35°C for fluid thioglycolate medium and 20°C to 25°C for soyabean-casein digest media for not less than 14 days [25] .
Preservative efficacy study
Preservative efficacy was performed according to I.P. 2010 by challenging the formulation with Staphylococcus Aureous and Pseudomonas Aeruginosa No. of viable microorganisms were recorded after 0hr, 6 hrs, 24 hrs, 7 days ,14 days, 24days.
Isotonicity
Isotonicity test was performed to prevent tissue damage or irritation of eye. Formulation was subjected to isotonicity testing (Osmomet 30)
Ex-vivo corneal permeation studies
Goat corneas were used to study the permeation across the corneal membrane. Whole eyeballs of goat were procured from a slaughter house and transported to laboratory in cold condition in normal saline maintained at 4ºC. The cornea were carefully removed along with a 5-6 mm of surrounding scleral tissue and washed with cold saline. The washed corneas were kept in cold freshly prepared solution of tear buffer of pH 7.4. The study was carried out by using Franz-diffusion cell in such a way that corneum side is continuously remained in an intimate contact with formulation in the donor compartment. The receptor compartment was filled with STF pH 7.4 at 34 º C ± 0.5 º C. The receptor medium was stirred on a magnetic stirrer. Permeation study was continued for 5 hr, and samples were withdrawn at a time interval of 1hr and analyzed for drug content on RP-HPLC. Receptor phase were replenished with an equal volume of STF (pH 7.4) at each time interval. The percent drug released was plotted against time [18] .
Antifungal Studies
The antifungal efficiency and prolonged effect of selected sustained release in situ gel of voriconazole formulation was carried out on Candida albicans and Asperigillus fumigatus species. The nutrient agar medium was prepared by dissolving saboured dextrose in hot distilled water and media was autoclaved at 121ºC for 15min. By using diffusion method test organisms were previously seeded (10 CFU/mL.) in the nutrient agar medium. Wells of 10mm diameter were punched out using a steel borer. Aliquot test samples were poured into petri dish containing nutrient agar medium using micro pipette. The plates were left for 30 min and then incubated at 25ºC for 24 hr. Diameters of zone of inhibition for Candida albicans and Aspergillus fumigatus were measured after 24 hr [1] .
Histopathology study
Irritation potential was evaluated using fresh goat cornea, incubated with Voriconazole in-situ gel. At stipulated incubation time, the cornea was removed, washed with phosphate buffered saline, and immediately fixed with 8% (w/w) formalin solution. The tissue was dehydrated with an alcohol gradient, kept in melted paraffin and solidified in block form. Cross-sections was cut, stained with haematoxyline and eosine, and microscopically observed for modifications [26] .
Accelerated stability study
Formulation was subjected to elevated temperature and humidity conditions of 25±1°C/ 60%RH, 30±1°C/ 65%RH and 40 ± 2oC/ 75 ± 5 % RH. Samples were withdrawn at the end of 0, 30, 60 and 90 days and evaluated for pH, appearance and % drug content.
Results and discussion
Full factorial experimental design
Design Expert 8 software was used to study the effect of independent variable on response. Different models such as linear, 2FI, Quadratic and Cubic which fit well was suggested by software and was tested for analysis of variance (ANOVA). For every dependent variable regression polynomial was calculated, contour plots and 3D surface graphs were obtained for each individual dependent variable i.e. viscosity and drug release. Mathematical models were generated and expressed as equation 1-2. X 1 and X 2 are the main effects which represent the average result of changing one factor at a time from its low to high value and X 1 X 2 are interaction terms which show how the response changes when two factors are simultaneously changed. Nonlinearity is investigated by polynomial terms X 1 2 and X 2 2 . Experimental design layout of voriconazole insitu gel is shown in table 2. (Aromatic C=C Stretch) in voriconazole was absent in inclusion complex, so it can be deduced that voriconazole was included into the cavity of HP-β-CD .as shown in Figure 1 .c According to the DSC results it appears that the DSC curves of the inclusion complex, (Figure 2 
HPβCD-Voriconazole complex characterization
Gelling capacity
All the formulations were slightly yellow in color and were found to be clear. The pH of the formulations was in the range of 6.7 to 7.2 Observations are listed in table 3 ++ indicates Phase transition within 60 sec and gel structure stable for 6 hrs, 
Determination of viscosity
Initially formulation was free flowing which after coming in contact with divalent ions (ca ++ ) it shows increase in viscosity. Viscosity was determined Brookfield RVDV-II + PRO viscometer with spindle number 21 as shown in Figure 3 Viscosity of formulations at 20 rpm was used for optimization.
On applying factorial design, linear model was suggested by software for response Y2 and found to be significant with model F value of 160.63, p value <0.0001 and R 2 value of 0.98 which implied that model was significant. And there was only a 0.01% chance that a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.05 for each term was obtained which indicated that every model term was significant. In this case X1 have significant effect on formulation. The model for response Y2 (viscosity) is as follows:
Y=4498.67+2336.33(X1)+1014.50(X2) [1] Effect of factor X1 and factor X2 can be further interpreted with the help of contour plot and 3D
Response surface plots as shown in Figure 4 
In vitro Drug release
Voriconazole in situ gels were subjected for in vitro diffusion studies using Franz diffusion cell. The cumulative percent release of voriconazole as function of time is shown in Figure 5 . Optimized batch showed 94.67% release of drug up to 8 hr.
On applying factorial design, the Quadratic model was suggested by software for response Y1 and found to be significant with model F value of 15.39, p value 0.0239 and R 2 value of 0.96 which implied that model was significant. And there was only a 0.01% chance that a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.05 for each term was [2]
Effect of factor X1 and factor X2 can be further interpreted with the help of contour plot and 3D response surface plots. Figure 6 (a),(b) As discuss in experimental design formulation which shows desired viscosity with optimum drug release was selected as optimized formulation. Batch F8 showed 5825 cp viscosity with 94.67% drug release at 8 th hr. was consider as optimized batch and was used for further evaluations. Table 4 gives Different kinetic models for release of voriconazole form ion sensitive in situ forming gel preparations.
Regression coefficient (R
2
) values were obtained from the plots and Korsemeyer-Peppas model was found to be suitable to explain release kinetic of drug where R 2 was 0.9895
Drug content uniformity
Drug content uniformity was determined in triplicate by randomized sampling from same container of optimized formulation. It was found as 98.08%, 98.29% and 98.35%. Gelling strength of in situ gel was measured in terms of hardness. Before gelling hardness was found to be 17 g while after gelling it was found to be 20g as depicted in Figure 7 (a), (b) respectively. This change in hardness values after and before gelling indicates that gelling strength of prepared formulation at physiological condition is more. Hence, formulation can be easily placed into the eye and it will remain for longer time in the eye.
Texture profile
Sterility test
There was no appearance of turbidity and hence no evidence of microbial growth; when optimized formulations was incubated for not less than 14 days at 30-35°C in case of fluid thioglycollate medium and 20-25ºC in the case of soya-bean casein digest medium. Thus preparation examined passes the test for sterility.
Preservative Efficacy Studies
Preservative efficacy studies were carried out on batch F8 formulation, observations are shown in Table 5 . No microbial growth was observed at the end of 28 days of inoculation so formulation passes the preservative efficacy test as per I.P. 2010.
Isotonicity studies
Isotonicity study was carried out by using Osmomet -30. Optimized batch was subjected for tonicity evaluation. Tonicity was found to be 0.295 Osmol/kg i.e. 295 m Osmol/kg which is within the acceptable limit (290-310 m Osmol/kg). 
Ex-vivo drug permeation studies
Ex-vivo drug permeation study was carried out to check the permeability of voriconazole through goat cornea. To simulate the ocular condition, goat corneas were used for permeation studies and the experiment was conducted for 5 hr. In goat corneas permeation studies, the formulation F8 showed 51.93 % drug release at the end of 5 hr. Cumulative drug release is shown in Figure 8 Corneal permeability was calculated by using equation No. 3 and 4. 
Antifungal efficacy
The antifungal efficiency of the selected voriconazole formulation was evaluated against organisms including Candida albicans and Aspergillus fumigatus. The mean diameters of zone of inhibition with Candida albicans and Aspergillus fumigates are depicted in Table 6 . The study indicated that the voriconazole retained its antifungal efficacy even after formulated as an in situ gelling system.
Histopathology study
Goat cornea confirmed the presences of normal ocular surface tissue maining its normal morphological structures in both control and test. Epidermal layer displayed normal characteristics. There was no evidence for any damage to the normal structure. In positive control (treatment with 0.1% SDS) there was alteration in corneal epidermal layer ( Figure 9 ).
Accelerated stability study as per ICH Guidelines
Stability study was carried out as per ICH guidelines on optimized voriconazole in situ gel for 3 months. It was observed that in situ gelling formulations remained stable at 25±1°C/ 60 % RH, 30±1°C/ 65%RH and 40±1°C/75 % RH. The results obtained are shown in Table 7 .
Conclusions
In this work sodium alginate and HPMC K15M was used to formulate ion sensitive insitu gelling system for Voriconazole, to increase ocular residence time and to reduce frequency of dose. Voriconazole is a lipophilic drug with a low pH dependent aqueous solubility; it is encapsulated in HP-b-CD in order to increase the solubility and stability of Voriconazole in aqueous solutions. Various formulations of different proportions of polymers were prepared and optimization was carried out by using Design expert 8.0 software. Optimized batch F8 was evaluated for exvivo study, preservative efficacy studies, histopathological study, and texture analysis, sterility test as per I.P. 2010 and accelerated stability studies as per ICH guideline.
Physical evaluation of the in-situ gels indicates that, the biological environment has a great influence on the performance 
